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Recent adjuncts in the surgical repair of thora-
coabdominal aortic aneurysms (TAAA) (specifically,
distal aortic perfusion and cerebrospinal fluid
drainage) have resulted in a decrease in neurologic
complications and a subsequent increase in survival
rate.1-6 However, the incidence of pulmonary insuffi-
ciency requiring prolonged mechanical ventilation
remains constant.7-12 The diaphragm, composed of
an outer muscular portion and a trefoil-shaped central
tendon, is generally completely incised during TAAA
repair. If, however, instead of this complete division,
only the muscular portion of the diaphragm is divid-
ed, the intact central tendinous portion will retain its
mechanical integrity. This results in a closer and more
rapid approximation of preoperative respiratory
dynamics. The aim of this retrospective study was to
determine whether intraoperative diaphragm manage-
ment—to divide or not divide—had a significant
effect on postoperative ventilator dependence and to
identify the relationship of other known pulmonary
risk factors to this intact diaphragm technique.
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Purpose: The relationship of the division of the diaphragm during thoracoabdominal
aortic repair to prolonged ventilator support has not been studied. The purpose of this
study was (1) to determine whether preservation of diaphragm integrity has a signifi-
cant effect on postoperative ventilator duration and (2) to elucidate other pulmonary
risk factors related to thoracoabdominal aortic surgery and to study the relationship of
these factors to the intact diaphragm technique.
Methods: Between February 1991 and January 1997, we repaired 397 descending and
thoracoabdominal aortic aneurysms. Descending thoracic aneurysms were not included
in the study because their repair does not include the diaphragm. A total of 256 patients
participated in this study. The diaphragm was divided in 150 patients and left intact in
106 patients. Examined as potential risk factors were patient demographics, history and
physical findings, aneurysm extent, urgency of the procedure, acute dissection, cross-
clamp time, homologous and autologous blood product consumption, and adjunctive
operative techniques. FEV1 also was considered in the 197 patients for whom preoper-
ative spirometry was available. Prolonged mechanical ventilation was defined as ventila-
tor support for >72 hours. Data were analyzed by univariate contingency table and mul-
tiple logistic regression methods.
Results: Increasing age (odds ratio [OR], 1.02/y; P < .02), current smoking (OR, 2.6;
P < .0008), total cross-clamp time (OR, 1.0/min; P < .008), units packed red blood cells
transfused (OR, 1.06/unit; P < .008), and division of the diaphragm (OR, 2.03; P <
.02) were significant, independent predictors of prolonged ventilation. Sixty-seven per-
cent of patients (71 of 106) whose diaphragms were preserved were extubated in <72
hours compared with 52% of patients (78 of 150) who underwent diaphragm division
(OR, 0.53; P < .02).
Conclusion: Independently of well known pulmonary risk factors, an intact diaphragm
during thoracoabdominal aortic repair results in a higher probability of early ventilator
weaning. (J Vasc Surg 1999;29:150-6.)
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MATERIALS AND METHODS
Three hundred ninety-seven patients underwent
surgical TAAA and descending thoracic aortic
(DTAA) repair by the senior author (H.J.S.) between
February 1991 and January 1997. We excluded
patients undergoing DTAA repair because the
diaphragm was not involved, leaving a total sample
size for this study of 256 patients. Of these, 197 also
had preoperative pulmonary function testing. Their
charts were reviewed, and the information was
entered into a database, from which the report was
created. The diaphragm was completely divided in
150 patients, and the central tendinous portion was
left intact in 106 patients. Preoperative patient char-
acteristics examined included age, gender, hyperten-
sion, current smoking, preoperative forced expiratory
volume in 1 second (FEV1), extent of TAAA, and
elective versus emergent repair. Intraoperative factors
analyzed included cross-clamp time, acute dissection,
the type and quantity of autologous and homologous
blood products administered, and whether the
diaphragm was divided. This was a consecutive series
carried out with the same pulmonary/critical care
consultants, and the use of hypertonic saline remained
fairly constant over the period of the study. The crite-
ria used for extubation were (1) the patient generated
an inspiratory force of >–20 cm H2O, (2) there was
adequate blood gas exchange (ie, Pco2 pressure of
<50 mg Hg, PO2 of >60 mm Hg on CPAP of 5 for
30 minutes and on inspired O2 of ≤50%), and (3)
there was no evidence of respiratory distress and the
patient was hemodynamically stable.
The operative technique for repair of these
aneurysms has been reported previously in detail.1 All
patients received a general anesthetic agent via a dou-
ble-lumen endotracheal tube, a pulmonary arterial
monitoring catheter, large central venous access lines,
and bilateral radial arterial lines. The patient was placed
in the right lateral oblique decubitus position, and a
cerebrospinal fluid drainage catheter was placed and
used to keep cerebrospinal fluid pressure at <10 mm
Hg. This procedure was used for all patients except
those with rupture, previous back surgery, or a mycotic
aneurysm. A thoracoabdominal incision was made by
entering the chest through the 6th intercostal space
and removing the 6th rib. The left lung was collapsed
during the surgical repair. With a retroperitoneal
approach, the viscera were rotated medially. From
February 1991 through December 1994, a total of
150 patients underwent complete diaphragm division
through both the muscular and central tendinous por-
tions, as well as the crura at the aortic hiatus. One hun-
dred six patients with TAAA repair from January 1995
to January 1997 underwent division of only the mus-
cular portion of the diaphragm with preservation of
the central tendinous portion as shown in Figs 1 and
2. Although some studies have had favorable results
using circumferential division of the hemidi-
aphragm,13 our experience with this method (in 3
cases) was not encouraging. The procedure was cum-
bersome and took a great deal of time, closure was dif-
ficult, and results were no better than with traditional
diaphragm division. The left renal artery, a landmark
for TAAA classification, was exposed. Distal aortic per-
fusion alone was used when the aneurysm did not
extend below the renal arteries. Visceral perfusion was
used in conjunction with distal perfusion for the most
Fig 1. Complete diaphragm division for TAAA repair.
extensive aneurysms: TAAA type II. After the admin-
istration of heparin (1 mg/kg) and cannulation of the
left atrium and left femoral artery, the Biomedicus
pump (Minneapolis, Minn) provided distal aortic per-
fusion. The perfusion flow depended on the proximal
aortic pressure, which was maintained at >100 mm
Hg. In cases of femoral artery occlusion or previous
aortofemoral bypass, the distal thoracic aorta or the
upper abdominal aorta was used as inflow. After com-
pletion of the proximal aortic anastomosis with aortic
cross-clamping and distal aortic perfusion, the clamp
was moved down below the renal arteries, and the
remainder of the aneurysm then was opened. The vis-
ceral and renal arteries underwent cannulation and
perfusion with Pruitt catheters. The rate of flow to the
visceral arteries depended on proximal aortic pressure
and ranged from 200 to 600 mL/min. The celiac,
superior mesenteric, and right and left renal arteries
were most commonly reattached to the graft as a sin-
gle island of tissue. After completion of the distal anas-
tomosis, protamine was administered, hemostasis was
achieved, and two 36F Silastic chest tubes were placed
in the left hemithorax. Repair of the diaphragm was
accomplished with a running no. 1 polypropylene
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suture, and the viscera were inspected and returned to
their anatomic position. After closure, the intubated
patient was transferred to the intensive care unit. If air-
way edema was significant, the double-lumen endotra-
cheal tube was not exchanged for a single-lumen tube
until the next day. The patients in our care were treat-
ed by the same group of pulmonologists during the
length of this study, and the criteria for extubation
remained the same throughout.
Statistical analysis. Data were maintained in a
Microsoft Access database and exported to SAS ver-
sion 6.12 for statistical analysis. Univariate analyses
were conducted using contingency table methods.
Categorical variables were entered directly into con-
tingency tables, and continuous variables were divid-
ed into quartiles for contingency table analysis.
Odds ratios with test-based 95% confidence intervals
were computed for 2 · 2 tables. Univariate odds
ratios for continuous variables were computed using
logistic regression analysis. Multivariate analysis was
also conducted using logistic regression analysis.
Continuous variables were left continuous, and indi-
cator variables were created for categorical data. The
null hypothesis was rejected at a two-tailed a of .05.
RESULTS
The overall incidence of patients requiring pro-
longed mechanical ventilation (>72 hours) was
41.8% (107 of 256). Fifty-eight percent of all
patients (149 of 256) were extubated during the
first 3 postoperative days. The early mortality rate
was 12.1% (31 of 256).
Univariate analysis. There was a significant dif-
ference in the requirement for prolonged mechanical
ventilation between the patient groups undergoing
division and those with preservation of the
diaphragm. Sixty-six percent of patients (71 of 106)
whose diaphragms were left intact were extubated
within <72 hours, whereas only 52% of patients (78
of 150) undergoing complete diaphragm division
were extubated within this time frame (P < .02). The
mean ventilator days were not different between the
groups as a result of influential outliers that caused
perturbations in the group variances. However, the
75th percentile of ventilator days in the intact-
diaphragm group was 4 days compared with 6 days in
the split-diaphragm group. The interquartile range
(75th to 25th percentile) was 3 days for the intact-
diaphragm group and 5 days for the divided-
diaphragm group. Both groups had 1 or 2 patients
with ventilator episodes of ‡ 100 days (100 days in
intact-diaphragm group vs 167 days in divided-
diaphragm group), but in general, the intact tech-
Fig 2. Technique of diaphragm preservation during
TAAA repair. The central tendinous portion is left intact.
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Table I. Patient Characteristics
No. Of Patients Not
Variable No. Of Patients (%) Weaned Early (%) Odds Ratio* 95% CI† P‡
All patients 256 (100.0) 107 (41.8)
Age (years)
8 to 60 70 (27.4) 27 (38.6) 1.02 0.99—1.04 .69
61 to 67 63 (24.6) 29 (46.0) (.19)
68 to 72 61 (23.8) 23 (37.7)
73 to 88 62 (24.2) 28 (45.2)
Female 94 (36.7) 38 (40.4) 0.92 0.55—1.53 .74
Male 162 (63.3) 69 (42.6) 1
Hypertensive 199 (77.7) 78 (39.2) 0.62 0.34—1.13 .12
Normotensive 57 (22.3) 29 (50.9) 1
Smoker 110 (43.0) 57 (51.8) 2.07 1.24—3.43 .005
Nonsmoker 146 (57.0) 50 (34.3) 1
TAAA I 91 (35.6) 27 (29.7) 0.45 0.26—0.78 .003
Otherwise 165 (64.4) 80 (48.5) 1
TAAA II 105 (41.0) 54 (51.4) 1.96 1.18—3.25 .009
Otherwise 151 (59.0) 53 (35.1) 1
TAAA III 32 (12.5) 17 (53.1) 1.69 0.80—3.55 .17
Otherwise 224 (87.5) 90 (40.2) 1
TAAA IV 27 (10.6) 9 (33.3) 0.67 0.29—1.55 .35
Otherwise 229 (89.4) 98 (42.8) 1
FEV1§
0.6 to 1.4 59 (29.9) 30 (50.9) 0.70 0.49—1.01 .15
1.5 to 1.8 41 (20.8) 17 (41.5) (.06)
1.8 to 2.4 50 (25.4) 15 (30.0)
2.4 to 4.6 47 (23.9) 17 (36.2)
Cross-clamp time
13 to 34 67 (26.2) 20 (29.9) 1.02 1.01- 1.03 .01
35 to 47 62 (24.2) 21 (33.9) (.006)
48 to 62 63 (24.6) 33 (52.4)
63 to 131 64 (25.0) 33 (51.6)
Packed red blood cells
1 to 6 75 (29.3) 23 (30.7) 1.06 1.02- 1.10 .001
7 to 9 67 (26.2) 20 (29.9) (.004)
10 to 12 53 (20.7) 25 (47.2)
12 to 60 61 (23.8) 39 (63.9)
Fresh frozen plasma
3 to 12 85 (33.2) 26 (30.6) 1.03 1.01- 1.05 .007
13 to 20 67 (26.2) 26 (38.8) (.003)
21 to 25 41 (16.0) 18 (43.9)
26 to 110 63 (24.6) 37 (58.7)
Platelets
2 to 20 149 (58.2) 47 (31.5) 1.02 1.01- 1.04 .001
21 to 30 50 (19.5) 28 (56.0) (.01)
31 to 200 57 (22.3) 32 (56.1)
Acute dissection 10 (3.9) 7 (70.0) 3.41 0.86—13.49 .07
Otherwise 246 (96.1) 100 (40.7) 1
Emergency 23 (8.9) 14 (60.8) 2.34 0.98—5.63 .06
Elective 233 (91.1) 93 (39.9) 1
Diaphragm split 150 (58.6) 72 (48.0) 1.87 1.12—3.14 .02
Diaphragm preserved 106 (41.4) 35 (33.0) 1
TAAA I to IV = thoracoabdominal aortic aneurysm Crawford class I, II, III, or IV; FEV1 = forced expiratory volume in 1 second.
*For dichotomous variables, the odds ratio represents a test against a reference category whose referent odds ratio is equal to 1. For con-
tinuous data, the odds ratio refers to the increase in odds associated with a 1-unit increase in the variable value. This value can be con-
verted to an odds ratio for an N unit change in the variable by taking the natural logarithm of the odds ratio, multiplying this value by
the number of variable units desired, and taking the exponent of the product. Although continuous data are presented in quartiles, the
odds ratios are against the continuous variable.
†95% CI = 95% confidence interval. This reflects the units against which its companion odds ratio is computed. Confidence intervals are
test based.
‡P = probability of Type I statistical error (common P value). Values without parentheses are Pearson c 2 probabilities. Probability val-
ues in parentheses are univariate logistic regression likelihood ratio P values.
§FEV1 was not measured for all patients (n = 197).
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nique seems to have decreased the duration of venti-
lation and decreased variation in ventilator time
among patients. Patient characteristics and their uni-
variate association with prolonged mechanical ventila-
tion are presented in Table I. Current smoking (P <
.005), TAAA type II (P < .009), aortic cross-clamp
time (P < .01), and quantity of packed red blood cells
(P < .001), fresh frozen plasma (P < .007), and
platelets (P < .001) transfused intraoperatively were
all significant predictive risk factors for delayed extu-
bation. Patients with TAAA type I had significantly
less prolonged intubation relative to the other
aneurysm types (P < .003). There was a trend toward
the need for prolonged ventilator support with
increasing age, but this was not statistically significant.
Factors not associated with statistical significance in
the univariate analysis included gender, hypertension,
TAAA types III and IV, preoperative FEV1, the pres-
ence of acute dissection, and whether the procedure
was performed electively or emergently.
Multivariate analysis. All factors in the univari-
ate model were subjected to multivariate analysis.
The risk factors that maintained their statistical sig-
nificance are presented in Table II. Factors that con-
tinued to be significant included age (P < .02),
whether the diaphragm was completely divided (P <
.02), aortic cross-clamp time (P < .008), number of
packed red blood cell units transfused (P < .008),
and current smoking (P < .0008).
We plotted each continuous risk variable (age,
aortic cross-clamp time, units of packed red blood
cells transfused) against the probability of ventilator
dependence exceeding 72 hours. Figures 3, 4, and 5
show comparisons between the resultant curves in
the intact- and divided-diaphragm groups. These
differences are statistically significant and show that
Table II. Multiple Logistic Regression Model
Variable Parameter Estimate Adjusted Odds Ratio 95% CI P
Intercept –4.8043
Age 0.0327 1.033 1.008 to 1.059 .02
Split diaphragm 0.7073 2.029 1.163 to 3.538 .02
Cross-clamp time 0.0187 1.019 1.005 to 1.033 .008
Current smoking 0.9459 2.575 1.483 to 4.472 .0008
Packed red blood cells 0.0538 1.055 1.014 to 1.098 .008
Model developed by stepwise multiple logistic regression analysis.
Fig 3. Age versus probability of ventilator dependence
exceeding 72 hours. Ventilator dependence increases with
age in both groups, but with diaphragm preservation, the
risk is significantly less.
Fig 4. Aortic cross-clamp time versus probability of ven-
tilator dependence exceeding 72 hours. Ventilator depen-
dence increases with cross-clamp time in both groups, but
with diaphragm preservation, the risk is significantly less.
Our study also evaluated the effect of preopera-
tive and intraoperative risk factors on prolonged
postoperative respiratory insufficiency, which we
defined as the need for mechanical ventilation
beyond 72 hours. Statistically significant predictive
risk factors following multivariate analysis included
advanced age, aortic cross-clamp time, number of
packed red blood cells transfused, and tobacco use.
We were somewhat surprised to find that FEV1
was not statistically associated with early ventilator
weaning (although it was close, P = .06 by univariate
logistic regression). We were unable to measure FEV1
in all patients for reasons of operative urgency or
patient insurance regulations. We tested the effect of
missing FEV1 on early weaning by making an indica-
tor variable for “missing” and putting it into the logis-
tic regression analysis. No statistically significant dif-
ference was detected, so we did not reject the null
hypothesis that missing FEV1 would not affect con-
clusions about early weaning. More simply, patients
whose FEV1 was missing were not demonstrably dif-
ferent from those who had preoperative pulmonary
function testing. Because the regression coefficient
goes in the right direction and missing FEV1 does not
affect the outcome, we consider reduced power in the
smaller sample to be the most likely explanation for
our inability to demonstrate a significant effect of
JOURNAL OF VASCULAR SURGERY
Volume 29, Number 1 Engle et al 155
for each continuous risk variable, the probability of
being ventilator dependent for >72 hours is less in
the patients who did not undergo complete dia-
phragm division.
DISCUSSION
Thoracoabdominal aortic repair can have pro-
found negative effects on all major organ systems,
including cardiac, hepatic, neurologic, renal, and
pulmonary, but recent adjunctive techniques have
made an impact on some of the most severe compli-
cations. Distal aortic perfusion and cerebrospinal
fluid drainage have reduced the incidence of postop-
erative paraplegia.1-6 The risk factors for postopera-
tive renal failure have recently been elucidated, as
has the protective effect of distal aortic perfusion on
the kidneys.14 In addition, the mechanism of hepat-
ic failure after thoracoabdominal aortic aneurysm
repair has been explored.15 Despite these advances,
a treatment for the most frequently compromised
organ system, the lungs, has yet to be identified. In
patients with aneurysms limited to the abdominal
aorta (AAA), both the retroperitoneal approach and
epidural catheters for postoperative analgesia
decreased the incidence of pulmonary complica-
tions.16, 17 The literature concerning TAAA repair,
however, has primarily focused on the identification
of risk factors associated with postoperative respira-
tory failure, including advanced age, a history of
tobacco use, chronic obstructive pulmonary disease,
type II TAAA, decreased preoperative forced vital
capacity (FVC) or FEV1, and the number of intra-
operative blood transfusions required.7-12
The incidence of pulmonary complications after
thoracoabdominal aortic aneurysm repair is well doc-
umented and ranges from 20% to 42% depending on
how pulmonary morbidity is defined. The Crawford
series described respiratory failure as the need for
mechanical ventilation beyond 7 days with 20% of
patients falling into this category.9 Hollier et al3
found that in 101 patients undergoing repair of
nondissected thoracoabdominal aneurysms, respira-
tory insufficiency was the most common complica-
tion, with 33% of patients requiring >5 days of
mechanical ventilation. Of these ventilator-depen-
dent patients, 97% had a history of tobacco use and
55% had chronic obstructive pulmonary disease. In a
similar retrospective study of 100 patients undergo-
ing thoracoabdominal aortic aneurysm repair,
Money et al8 found that 21% of patients required >48
hours of mechanical ventilation; these patients had a
42% mortality rate compared with a 6% mortality rate
for patients who did not develop respiratory failure.
Fig 5. Quantity of packed red blood cells transfused ver-
sus probability of ventilator dependence exceeding 72
hours. Ventilator dependence increases with transfusion
requirements in both groups, but with diaphragm preser-
vation, the risk is significantly less.
FEV1 on early weaning. This study is unique, howev-
er, because we also investigated the effects of different
diaphragm management techniques on postoperative
respiratory insufficiency. Our findings confirm the
assumption that the preservation of diaphragm
mechanical function achieved by leaving the central
tendinous portion intact results in a significantly
reduced incidence of prolonged postoperative ventila-
tor dependence. As shown in Figs 3, 4, and 5, preser-
vation of the diaphragm identified in this study helps
to attenuate the deleterious effects of the other risk
factors for postoperative ventilator dependence.
Because the data we present are not from a ran-
domized prospective trial, other potential explana-
tions for statistically significant findings (ie, con-
founding by other factors) are always a possibility. It
is conceivable that diaphragm-intact patients might
be weaned more aggressively, only to experience res-
piratory failure requiring reintubation or intensive
care unit readmission later. To evaluate this possibili-
ty, we compared the rates of tracheostomy, reintuba-
tion, intensive care unit readmission, and pneumonia
between the groups. No statistically significant dif-
ferences were observed. Briefly, the rates in the divid-
ed-diaphragm group versus the preserved-diaphragm
group were 9.1% versus 12.0% for tracheostomy (P =
.5), 16.3% versus 16.9% for reintubation (P = .9),
7.3% versus 2.4% for pneumonia (P = .13), and 7.3%
versus 6.0% for return to the intensive care unit (P =
.7). A retrospective analysis of 2 groups obviously
may have overlooked other variables that were asso-
ciated with respiratory failure or missed other expla-
nations for the findings we report. We have gone to
great efforts to control for as many potentially con-
founding factors as we could measure, so the
strongest possible inferences can be made from these
observational data. Confounding by some unmea-
sured (or unknown) variable that could affect our
conclusions remains a possibility. We believe that pre-
sentation of the technique with its physiologically
plausible and observationally demonstrable benefits
is quite important and that the benefits of reporting
outweigh the methodological limitations.
In conclusion, we found that diaphragm preserva-
tion during thoracoabdominal aortic repair results in
a significant improvement in early ventilator weaning.
In addition, this benefit remains present even when
the effects of advanced age, tobacco use, extended
clamp time, and greater transfusion requirements are
accounted for.
We give special thanks to our editor, Amy Wirtz
Newland.
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